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– Elementary Cellular Automata (ECA)
$F:\mathrm{Z}_{2^{3}}arrow \mathrm{Z}_{2}$
$\hat{V}=F(\underline{V}, V, \overline{V})$
$V,$ $\overline{V}$ -V $t_{\text{ }}$ $i_{\text{ }}i+1_{\text{ }}i-1$ $(0_{\text{ }}1)$ $\hat{V}$
t+l $i$ ECA $2^{2^{3}}=256$
ECA $R$
$R= \sum_{\mathrm{z}\overline{V},,V,\underline{V}\in 2}\hat{V}\cdot 2^{2\underline{V}2^{1}}2.+\cdot V+2^{0}\cdot\overline{V}$









[4, 5, 6] ECA
( ) ( ) Poiseuille
$\mathrm{C}\mathrm{A}$
$\mathrm{C}\mathrm{A}$
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2 Poiseuille
– Navier-Stokes
$\mathrm{u}(x, y, t)=(u(x, y, t), 0)$
$x$ $x$
$\frac{\partial u(x,y,t)}{\partial t}+u(x, y, t)\frac{\partial u(x,y,t)}{\partial x}$ $=$ $- \frac{\partial p(x,y,t)}{\partial x}+\nu(\frac{\partial^{2}u(_{X},y,t)}{\partial y^{2}}+\frac{\partial^{2}u(_{X},y,t)}{\partial x^{2}})$ (1)
$0$ $=$ $- \frac{\partial p(x,y,t)}{\partial y}$ (2)
$\frac{\partial u(x,y,t)}{\partial x}$ $=$ $0$ (3)
(1) $-(3)$
$\frac{\partial u(y,t)}{\partial t}+\frac{\partial p(x,t)}{\partial x}-\nu\frac{\partial^{2}u(y,t)}{\partial y^{2}}=0$
$\partial p(x,t)/\partial x$ $t$ –
$\partial p/\partial x=-\gamma(\gamma>0)$
$\frac{\partial u(y,t)}{\partial t}-\gamma-\mathcal{U}\frac{\partial^{2}u(y,t)}{\partial y^{2}}=^{\mathrm{o}}$ (4)
Poiseuille flow $(\gamma>0, U_{1}=U2=0)$
$u=U_{0} \{1-(\frac{y}{d})^{2}\}$ , $U_{0}= \frac{\alpha d^{2}}{2\nu}$
Couette flow $(\gamma=0, U_{1}=0, U_{2}>0)$
$u= \frac{1}{2}U_{2}(1+\frac{y}{d})$
$U_{1},$ $U_{2}$ 2 $\mathrm{d}$ Poiseuille $0_{\text{ }}$
Couette $0$
(4)
$u(y, t)$ $\log v(y, t)+\gamma t$ $yarrow\sqrt{2}y$














$V_{i}^{t+1}=V_{i}^{t}+ \max(0, V_{i+}^{t}-V_{i}^{t}-\tilde{\nu}, V_{i-1}^{tt}1-Vi-\tilde{\nu})-\max(\mathrm{o}, Vt-V_{i+}t-i1\tilde{\nu}, V_{i}^{t}-V^{t}-1^{-})i\tilde{\nu}$
$V\equiv V_{i^{\text{ }}}t\hat{V}\equiv V_{i}^{t1}+\text{ }\overline{V}\equiv V_{i1^{\text{ }}^{}t}+\underline{V}\equiv V_{i1^{\text{ }}^{}t}-\alpha\equiv\tilde{\nu}$
$\hat{V}=V+\max(\mathrm{O}, \overline{V}-V-\alpha,\underline{V}-V-\alpha)-\max(\mathrm{O}, V-\overline{V}-\alpha, V-\underline{V}-\alpha)$ $(8)\backslash$
(8)
$u(y, t)=\log v(y, t)$ ( $+\gamma t$ )





$u(y, t)=\log v(y, t)$ $V$
$u(y, t)$ $\epsilon$
(8) $V\in \mathrm{Z}_{\text{ }}\alpha=2$ $V_{0}^{0}=V_{11}^{0}=0_{\text{ }}V_{i}^{0}=10(i=$
$1,$ $\cdots$ , 10) $V_{0}^{t}=V_{11}^{t}=0$ 1
Poiseuille . $0$ 1 $V$ $t=7$
Poiseuille
$V\in \mathrm{Z}_{\text{ }}\alpha=1$ $V_{11}^{0}=11_{\text{ }}V_{i}^{0}=0$ $(i=0, \cdots, 10)$ $V_{0}^{t}=0\text{ }$






$\mathrm{t}=0$ 10 10 10 10 10 10 10 10 10 10
$\mathrm{t}=1$ . 210 10 10 10 10 10 10 10 2
$\mathrm{t}=2$ . 8410 10 10 10 10 10 48
$\mathrm{t}=3$ . 28610 10 10 10 682
$\mathrm{t}=4$ . 64. 8810 10 884.6
$\mathrm{t}=5$ . 266810 10 8662
$\mathrm{t}=6$ . 446810 10 8644
$\mathrm{t}=7$ . 246810 10 8642
$\mathrm{t}=8$ . 246810 10 8642
$\mathrm{t}=9$ . 246810 10 8642
$\mathrm{t}=10$ . 246810 10 8642
1: ( (8) $:\mathrm{P}\mathrm{o}\mathrm{i}\mathrm{S}\mathrm{e}\mathrm{u}\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{e}$ flow)
$\mathrm{t}=0$ . . $\cdot$ 11
$\mathrm{t}=1$ . . $\cdot$ 10 11
$\mathrm{t}=2$ . . 9 1 11
$\mathrm{t}=3$ . . 8 1 10 11
$\mathrm{t}=4$ . . 719211
$\mathrm{t}=5$ . , . 6 1 8 2 10 11
$\mathrm{t}=6$ . . 51 7 2 9 3 11
$\mathrm{t}=7$ . . 4 1628310 11
$\mathrm{t}=8$ . . 3152 7 3 9 4 11
$\mathrm{t}=9$ . . 2 1426 3 8 4 10 11
$\mathrm{t}=10$ . 11 32537495 11
t= 2 24 3 6 4 8 5 10 11
$\mathrm{t}=12$ . 12. . 3354 7 5 9 6 11
$\mathrm{t}=13$ . 12 3.446. 5 8 6 10 11
$\mathrm{t}=14$ . 12 3455 7 6 9 7 11
$\mathrm{t}=15$ . 12 3456 6 8 7 10 11
$\mathrm{t}=16$ . 12 3456 7 7 9 8 11
$\mathrm{t}=17$ . 12 3456 7 8 8 10 11
$\mathrm{t}=18$ . 12 3456 7 8 9 9 11
$\mathrm{t}=19$ . 12 345678910 11
$\mathrm{t}=20$ . 12 3456 7 8 9 10 11




$x_{n})$ $\Rightarrow$ $\in\log\{c_{1}\underline{‘ \mathrm{l}}\mathrm{x}\mathrm{p}(X_{1}/\epsilon)+\cdots$ $\exp(x_{n}/\epsilon)\}+\triangle(\epsilon)$








(8) ($\alpha=0$ ) $V\in \mathrm{Z}_{2}=\{0,1\}$ (V, $V,\overline{V},\hat{V}$)
$\underline{\underline{\mathrm{V}}V\overline{V}}\hat{V}=$ $\frac{111}{1}\frac{110}{0}\frac{101}{1}\frac{100}{1}\frac{011}{0}\frac{010}{0}\frac{001}{1}\frac{000}{0}$
$R$ $R=178$ $R=178$ ECA
3 $V_{0}^{0_{=}}1_{\text{ }}V_{i}^{0}=0(i=\cdots, -2, -1,1,2, \cdots)$ (
single seed ) $t=0$ – 1
$\mathrm{t}=0$ . . . . . . 1 . . . .
$\mathrm{t}=1$ . . . . . 1.1 . .
$\mathrm{t}=2$ . . . . 1.1.1 . .
$\mathrm{t}=3$ . . . .
$\mathrm{t}=4$ . . 1 . 1 1 .
$\mathrm{t}=5$ . 1. 1 .. 1
$\mathrm{t}=6$ 1 . 1 . 1 1.1
$\mathrm{t}=7$ . 1.11.1










ECA $V_{i}^{0}=1(i\leq 0)_{\text{ }}V_{i}^{0}=0(i>0)$ 4
(8) $\max(\cdots)$ $R=254$ ECA
$\mathrm{t}=0$ 1 1 1 1 1 1 .1 1 1 . .
$\mathrm{t}=1$ 1 1 1 1 1 1 1 1 . .
$\mathrm{t}=2$ 1 1 1 1 1 1 1 . . .
$\mathrm{t}=3$ 1 1 1 1 1 1 . . . . . . . $J$
$\mathrm{t}=4$ 1 1 1 1 1 . . . .
$\mathrm{t}=5$ 1 1 1 1 . . . .
$\mathrm{t}=6$ 1 1 1 ... . .
$\mathrm{t}=7$ 1 1 : . . . ..
$\mathrm{t}=8$ 1 .. . . . .
4: $(R=128)$
$R=128$ $0$ 1 Burgers
$R=178_{\text{ }}R=128_{\text{ }}R=254$ Wolfram [2] 1,2
ECA(
3)
$\hat{V}=V+\max(\mathrm{O},\overline{V}-V,\underline{V}-V, V-\overline{V}-\underline{V})-\max(\mathrm{o}, V-\overline{V}, V-\underline{V})$ (12)
$+ \max(\cdots)$ $V-\overline{V}-\underline{V}$ $R=182$
$\exp(\hat{U}-U)=\frac{c_{1}+c_{2}\exp(\overline{U}-U)+C3\exp(\underline{U}-U)+c_{4}\delta 2(\exp(U-\overline{U}-\underline{U})-1)}{c_{5}+C_{6}\exp(U-\overline{U})+c_{\gamma \mathrm{p}}\mathrm{e}\mathrm{x}(U-\underline{U})}$ (13)
$u_{t}=( \frac{c_{2}+c_{3}}{c_{1}+c_{2}+c_{3}}+\frac{c_{1}-c_{5}}{2(c_{1}+c_{2}+c_{3})})uxx+\frac{(c_{1^{-}}C_{5})c4}{2(c_{1}+c_{2}+c_{3})}(\exp(-u)-1)$ (14)
(13) 4 $\delta^{2}$ $Uarrow U-2\log\delta$ $R=182$
single seed 5
19
$\mathrm{t}=0$ . . .. . . . . . . . . . . . . . . .1. . . . . . . . . . . . . . . . . . .
$\mathrm{t}=1$ . . . . . . . . . . . . . . . . . . $111\ldots 1\cdots\cdots\cdots\cdots\cdot$ .
$\mathrm{t}=2$ $\ldots\ldots\ldots\ldots\ldots..1.1.1\ldots\ldots\ldots\ldots\ldots.$ .
$\mathrm{t}=3$ . . . . . . . . . . . . . . . . 1111111. . . . . . . . . . . . . . . .
$\mathrm{t}=4$ . . . . . . . . . . . . . . .1.11111.1. . . . . . . . . . . . . . .
$\mathrm{t}=5$ . . . . . . . . . . . . . . 111.111.111. . . . . . . . . . . . . .
$\mathrm{t}=6$ $\ldots\ldots\ldots\ldots.1.1.1.1.1.1.1\ldots\ldots.:\ldots.$ .
$\mathrm{t}=7$ . . . . . . . . . . . . 111111111111111. . . . . . . . . . . .
$\mathrm{t}=8$ . . . . . . . . . . . 1.1111111111111.1. . . . . . . . . . .
$\mathrm{t}=9$ . . . . . . . . . . 111.11111111111.111. . . . . . . . . .
$\mathrm{t}=10$ . . . . . . . . . 1.1.1.111111111.1.1.1. . . . . . . . .
$\mathrm{t}=11$ . . . . . . . . 1111111.1111111.1111111. . . . . . . .
$\mathrm{t}=12$ . . :. . . . 1.11111.1.11111.1.11111.1. . . . . . .
$\mathrm{t}=13$ . . . . . . 111.111.111.111.111.111.111. . . . . .
$\mathrm{t}=14$ . . . . . 1.1.1.1.1.1.1.1.1.1.1.1.1.1.1. . . . .
$\mathrm{t}=15$ . . . . 1111111111111111111111111111111. . . .
$\mathrm{t}=16$ . . . 1.11111111111111111111111111111.1. . .
$\mathrm{t}=17$ . .111.111111111111111111111111111.111. .
$\mathrm{t}=18$ . 1.1.1.1111111111111111111111111.1.1.1.
$\mathrm{t}=19$ 1111111.11111111111111111111111.1111111








$U=100$ , $0$ $\epsilon=0,01$ $\delta=0.1_{\text{ }}c_{1},$
$\cdots,$ $c_{7}=1$
(13) $\hat{U}_{\text{ }}\hat{\overline{U}}_{\text{ }}\underline{\hat{U}}$ $\hat{U}\sim 97_{\text{ }}\hat{\frac{}{U}}=\underline{\hat{U}}\sim 99$








$\hat{V}=V$ $+$ $\max(b_{1}, a_{1}\overline{V} - a_{2}V, a_{3}\underline{V}-a4V, a\mathrm{s}^{V-}a6\overline{V}-a_{7}\underline{V})$
- $\max(b_{2}, a_{8}V-a9\overline{V}, a10V-a_{11}\underline{V}, a12V-a13\overline{V}-a14\underline{V})$ (15)
$a_{i\backslash }$
$b_{i}$ $a_{i}\in\{e, 0, \pm 1, \pm 2\}(i=1\cdots 14)_{\text{ }}b_{i}\in\{e, 0\}(i=1,2)$





















[1] S.Wolfram, ($‘ stati_{Sti_{Ca\iota}}$ mechanics of cellular automata”, Riviews of Modern Physics Vol.55 No.3
(1983) 601-644
[2] S.Wolfram, “ Universality and Complexity in cellular automata”, Physica $10\mathrm{D}$ (1984) 1-35
[3] S.Wolfram, “ Twenty Problems in the Theory of Cellular Automata”, Physica Scripta. Vol.T9
(1985) 170-183
[4] T.Tokihiro,D.Takahashi,J.Matsukidaira,and J.Satsuma, “From Soliton Equations to Integrable
Cellular Automata through a Limiting Procedure”, Physical Review Letters Vol.76 No.18 (1996)
3247-3250
[5] M.Torii,D.Takahashi,J.Satsuma, “ Combinatorial representation of invariants of a soliton cellular
automaton”, Physica $92\mathrm{D}$ (1996) 209-220
[6] J.Matsukidaira,J.Satsuma,D.Takahashi,T.Tokihiro,and M.Torii, “ Toda-type cellular automaton
and its $N$-soliton solution”, Physics Letters A 225 (1997) 287-295
22
